Abstract -Quercus pyrenaica is a widely distributed oak species in the Iberian Peninsula which has been subjected to drastic disturbances, such as fire, leading to a significant decrease in its cover. The 
Introduction
Quercus pyrenaica is one of the most abundant and characteristic oak species in the Iberian Peninsula. In Spain, the main areas covered by this species are found in León province, where they used to represent 20 % of the total surface area [14] . Today, this large surface has * Correspondence and reprints deglcg@isidoro.unileon.es significantly decreased because of human action, mainly forest fires. Frequent fires result in previous treecovered areas being replaced by shrub communities [2, 3, 5, 6, 13, 17, 26, 28] , which represent seral stages of the forest climax.
The seral shrublands dominated by Erica australis resulting from frequent wildfire of Quercus pyrenaica forest occupy large areas in León Province [1] . These communities are also frequently subjected to human action: being burnt in order to obtain pasture for the domestic herbivores and croplands. Therefore, both tree and shrub communities are altered by fire, which implies that a secondary succession is initiated.
Studies on the structural changes of these tree and shrub communities after fire are needed to complete our knowledge of secondary succession patterns. The Rivas [20] these communities are included in the Mediterranean region. According to the Papadakis classification (cited in [15] ), all the area is included in the moderate cold Mediterranean climate.
Both plots were annually sampled at the beginning of the summer. In the shrub plot, five sampling units of high in the shrub plot from the 2nd year onwards. Bare soil in the shrub plot was always lower than in the forest plot owing to the quick regeneration of woody species. Mean cover of herbaceous species was higher in the forest plot during the whole study period. The mean cover of herbaceous species was higher in both communities the 1st year after fire owing to the presence of gaps. Furthermore, since Erica australis showed allelopathic effects inhibiting the growth of herbaceous plants [4] , when this species presented low cover values, this allelopathic effect could decrease. Both, pre-fire plant competition and allelopathy may have resulted in the reduction of the seed bank. The lowest bare soil values appeared, in both communities, in the 3rd year; afterwards, the cover of the herbaceous species decreased and the bare soil increased. The differences between both shrub and forest community, and among samplings were statistically significant (table I) .
Immediately following fire, herbaceous species may find favourable conditions to establish: there is no competition for light with the woody species, and they have superficial roots which allow them to take advantage quickly of the nutrients brought into the soil by the ashes. All these factors may facilitate the initial colonisation of the ecosystem. At the same time, the main woody species in both areas began to resprout, Erica australis in the shrubland and Quercus pyrenacia in the forest. The cover and size of these species increased after the 3rd year, which had a negative influence on the herbaceous species. This effect was more noticeable in the shrubland than in the forest.
The woody species mean cover increased in both areas during the study period (figure 2 and table II). Quercus pyrenaica was the dominant species in the forest community, whereas Erica australis and Arctostaphylos uva-ursi were codominant in the shrub community. The most abundant annual herbaceous species in both communities was Aira caryophyllea. Annual herbaceous species reached the maximum cover in the 2nd and 3rd years after the fire, covering more surface in the forest than in the shrub community. The fact that the annual herbaceous species did not reach maximum cover values in the 1st year, as was reported by other studies [6, 26] , could be because of the high frequency of the disturbances. Frequent burning reduces the seeds present in the soil [10, 12, 31] . Fire induces germination by scarification [8, 19] , but it also increases mortality in a large number of seeds [7, 30] . Therefore, high frequency fires may decrease the germplasm bank in the soil [25] . Maximum herbaceous cover values may appear in the 2nd year because enough time has passed for the seeds to come from nearby areas [3] .
The cover percentages of perennial herbaceous species in the forest community were greatest in the 1st years because the bulbs and underground stems of these species were not affected by the fire and they were able to take advantage of the nutrients incorporated in the soil [9] . The most abundant perennial herbaceous species in the forest were Luzula lactea, Festuca rubra and Avenula marginata, whereas in the shrubland they were Avenula marginata, and Tuberaria globularifolia.
In general, the herbaceous species, which had a high cover during the first stages, were substituted after the 3rd year by the woody species owing to the competition for light and the allelopathic effects in the case of shrubland.
In the forest community, the cover percentages for the perennial herbaceous species were higher than in the shrub community; in the shurbland the cover values for the woody species were the highest.
Regarding structural parameters, the highest richness values (table III) appeared in both areas around the 4th year; at the same time there was a high number of herbaceous and woody species. From this moment on, the cover woody species began to dominate, which caused a decrease in the herbaceous species. This switch was reflected in a decrease in diversity values, mainly in the shrubland. The richness values were always higher in the forest than in the shrubland, where a very noticeable decrease in the herbaceous species was observed in the 6th year.
The highest values of evenness were recorded for both areas in the 1st year of the study, the species showing very similar abundance distribution. Diversity was maximum in the shrubland during the 2nd year owing to the fact that after the 3rd year Erica australis began to dominate. However, in the forest the maximum value of diversity was not reached until the 5th year, when the herbaceous species richness started to decrease.
The ANOVA detected statistically significant differences between the shrub and forest plots and for each plot in different samplings (table IV) .
The similarity analysis (figure 3) showed two clusters, one for the samples from the shrubland and the other for the samples from the forest. This aspect indicates the importance of the initial floristic composition in the regeneration process [1-3, 23, 24, 27] . The cluster corresponding to the shrubland was characterised by high cover values of Erica australis, and the presence of Erica umbellata, which was not found in the forest.
Among the species that were more abundant in the forest community, Quercus pyrenaica and some herbaceous species such as Agrostis capillaris, Festuca rubra, Luzula lactea, etc., stand out in the cover.
Of all the samples, the one that differed the most was the first sample from the forest community, which was taken 1 year after the fire. It differs from the rest, not because of the presence of different species but rather for its lower vegetation cover. In each cluster, the greatest similarity among the samples can be seen after the 3rd year, with affinity values over 65 %, which shows that after that stage there were increasingly fewer changes in the plant community.
From these results it is possible to describe a post-fire recovery model that could explain the changes produced in both communities. The general succession model in these ecosystems is described as autosuccession [1, 11] .
Each community has a particular species composition, which allows some distinctions between the two of them.
It is important to stress that it is the abundance values for the species which vary, rather than the species themselves, as they are seral communities of the same climax. Both communities showed a similar post-fire variation pattern, in relation to biological types and bare soil percentages. This pattern results in certain structural parameters evolving in a similar way. Diversity has its maximum values in a different period in both communities, because of the effect of dominance of woody species, which is much more noticeable earlier on in the shrubland than in the forest.
The following phases may be described. 1. The 1st year after the fire was characterised by a high percentage of bare soil which is greater in the shrubland than in the forest, with the appearance of some herbaceous species and the vegetative resprout of two woody species, Erica australis and Quercus pyrenaica, respectively.
2. In the 2nd year, annual herbaceous species showed the highest cover. Woody species had a very low regeneration. The bare soil percentages decreased.
3. In the 3rd year, high cover values for the annual and perennial herbaceous species appeared, being greater in the forest community than in the shrub community. The woody species showed a higher increase in their cover values. The bare soil values were the lowest.
4. After the 4th year, the woody species began to dominate in both areas, replacing the herbaceous species. The bare soil values began to increase.
